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TRANSPORT OPERATIONS 
By Roy Steiner and Robert L. McDougd 
The f irst  sample of t imeh i s to ry  data of airspeed, altitude, and 
normal accelerations  obtained by means of the NACA VGH recorder in 
transport operations has been collected and i s  reported. The type of 
data obtained defines the  dis t r ibut ion of normal accelerations and 
airspeeds experienced in greater detail  than the maximum acceleration 
and airspeed data obtained by means of the NACA V-G recorder. Two 
hundred and eighty-one hours of the time-history data obtained from 
a modern twin-engine transport airglane are summarized. The frequency 
dis t r ibut ion of normal accelerations and of effective  gust   velocit ies.  
are presented a long  with some data on  the operating conditions and 
practices. 
INTRODUCTION 
The past  work on gust loads experienced by commercial transport 
airplanes has dealt  mainly wfth the large, but relatively infrequent, 
gust loads which may cause  structural  damage or   fa i lure  under the 
q p l i c a t i o n  of a s i n g l e  load; The NACA V-G recorder has been w e l l  
suited  for the collection of this type of data in the form of envelopes 
of airspeed and mmd. acceleration. A need has existed, however, for 
a more detailed  howledge of the magnitude and frequency-of gust loads 
in connection  with  certain  operating and design problems, par t icular ly  
in  the study of the fatigue l i fe  of airplanes. Such detailed data must 
be obtained from a time-history type of instrument such as the EACA 
VGH recorder. Estimates of the frequency distributions of gust velocities 
e v r i e n c e d  on transport airplanes were gfven in reference 1. In order 
t o  extend this work, a program has been Fnitiated t o  collect airspeed, 
a l t i tude,  and acceleration data on commercial transport airplanes t o  
determine the gust and load experience as related t o  operating practices. 
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The first sample of NACA VGE data consists of 281 home of t- 
history records obtained on a modern, twin-engine, transporb airplane 
i n  zommercial operations. Although th i s  a q l e  i s  not sufficient f o r  a 
comprehensive analysis of the factors mentioned, the data were 
considered t o  be of interest  to  the airplans industry.  The data have 
bsen summarized, therefore, t o  give the  frequency distributions of the 
normal accelerations and of the effective gust veloci t ies  encountered 
by this airplane with a o m  indications of the operating conditione and 
practices. 
I 
APPARATUS AND OPERATING COmDITIONS 
The airplane wed i n  the present investi@;ation was a modern, twin- 
engine, transport airplane wlth the following characteristics: 
Design gross weight, lb . . . . . . . . . . . . . . . . . . . .  39,900 
wing area, eq ~t . . . . . . . . . . . . . . . . . . . . . . . .  864 
Span, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93.3 
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . .  10.1 
slope of lift curve, per radian (used i n  a n d p i s )  . . . . . . .  5.00 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  10.1 
Design level speed kL, mph . . . . . . . . . . . . . . . . . .  255 
The NACA VGH recorder was used i n  the present investigation. 
Whereas the NACA V-G recorder inscribes a flight envelope of airspeed 
and vertical   acceleration, the NACA VGE recorder gives a time history 
of airspeed, altitude, and vertical  acceleratfon. T h i s  instrumant was 
used for the first tFms i n  the collection of the data contained i n  t h i e  
paper. A brief description of the instrument is therefore given. 
Recording of the  three  functions  ie  effected  optically on photographic 
paper which fs contfnuously driven at a speed of about 24 inches per 
hour. The instrument base and recording magazine together a r e  5- 3 inches 
4 
wide by 8- inches high by 12 inches long and weigh 17 pounds. Insluded 
in  the base a r e  the airspeed and altitude capsd-es, l+ninute timer, a 
gelvanomet.er receiver for the acceleration si@, and the   asmciated 
pa r t s  of the optical  system. The record magazine contains a 200-foot 
r o l l  of 70.milllmeter recording paper along with the  motor and driving 
transmission. A remote a m e l e r a t i o n  t m n m i t t e r  is mounted near the 
center of gravity of the  airplane and is e lec t r ica l ly  connected t o   t h e  
instrument base. The base is inetal led i n  the radio rack with connections 
made t o  24”volt d-c. power system and pi to t -e ta t ic  lines of the airplane. 
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Continuous t h s h i s t o r y   r e c o r d s  were taken during commercial 
transport operations between New York, N. Y. or  WashingLon, D. C, and 
Seat t le ,  Wash, during the perfod from April 1949 to August 1949 at 
a l t i tudes  less than 10,000 feet above terrain.  The average pressure 
flights m a  approxlmately I hour. 
- a l t i t ude  was approximately 6,500 fee t .  The average  duration of  the 
The evaluation of the records was performed in  the following manner: 
Each flight was first  divided i n t o  the climb, enroute, and descent 
conditions. The c lhb  condition began a t  the moment of takeoff 
w&s assumed to  end when the record indicated that the airplane began 
m i n t a i n h g  a relatively constant alt i tude.  Conversely, the descent 
condition was assumed t o  start when the record indicated that the air- 
plane was consistently losing a l t i tude  and ended when the airplane 
landed. The enroute condition was taken as the  time between climb and 
descent and necessmily contains changes in a l t i t ude   fo r  such reasons 
as the avoidance of turbulence o r  terrain clearance. Where applicable, 
each of these flight condftions w a s  in turn subdivided into mooth and 
rough air. Rough afr, as def -d in the present paper, i s  represented 
by that portion of the  record on which the accelerometer  trace was 
disturbed and contained acceleration increments, m, equal to,  o r  greater 
than iO.lg. For each portion of the flight record, the following data 
were obtained: 
(1) night time 
(2) T o t a l  count of acceleration incrementa equal t o  o r  greater 
thRn a.3g 
( 3 )  FYequency dis t r ibut ion of acceleration fncrements above a 
threshold of W.58 
(4) MaximLun acceleration fncremsnt 
( 5 )  Average indicated airspeed, Vi, miles per hour 
(6) Ut itude  information 
A summary of the data from the  available flights was compiled and is 
given in tables  I and II. 
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The proportion of flight path within given altitude brackets above 
t e r r a in  were obtained f o r  flight i n  rough and smooth air. For this 
purpose, the   a l t i tude  above t e r r a i n  w a s  based on the terminal altitudes; 
with no vartations of terrain between terminab being considered. The 
a l t i tudes   for  the climb condition were determined by subtracting the 
pressure altitude at the point of  take-off from the pressure altitudes 
i n  clirfb. For the enroute condition, the average pre.asure altitude 
of the tak-ff and landing points was subtracted f r o m  the enroute 
pressure altitudes. For the descent condition, the preasure altitude 
of   the  terrain at the point of landing waa subtracted from the descent 
pressure altitudes. A aummary of the alt i tude data fur 5000-foot 
intervals i s  also given i n  table I. 
The frequency of Occurrence of acceleration increments was 
determined t o  a threshold of +O .3g, since amaller values were di f f icu l t  
t o  read for the present recording speed. The results obtained a r e  
summarized i n  figure 1 In the form of a plot of cumulative frequency 
against acceleration increment. The cumulative frequencies are obtained 
by the progressive awnmation of the frequencies of occurrence of valuee 
equal t o  or greater than a given acceleration increment and thus the 
curve shows at a glanse the number of acceleration increments which 
equal or exceed the given value. Although the acceleration increments 
were read only  t o  fl.38, it is  believed feasible to extrapolate the 
frequency of occuTrence t o   t h e  smaller increments and, i n  f a c t ,  it is  
necessary t o  make such an extrapolation  to determine the frequency f o r  
the threshold of turbulence as defined (0.lg). Based on aome previous 
work, the extrapolation on a graph such as figure 1 can be made by 
f i t t i n g  a straight l ine ,  by the method of least squares, through the  
data above 0.56 and then extending the line in the shape of a parabola 
t o  t h e  lower values of acceleration increments. The f i t t e d  parabola 
satisfied the conditions that it passed through the point of  O.3g and 
was tangent t o  t h e  f i t t e d  l i n e  at 0.38. The extrapolation is  shown 
in  t i w e  1 as a dash l i n s .  
P R E C I S I O N  
The airspeed and a l t i t ude  data preeented are average valuee. It 
i s  estimated that these average values are accurate t o  within i-3 miles 
per hour and *5OO feet  for airepeed and altitude, respectively. 
Although the accelerometer i s  accurate t o  *2 percent, the acceleration 
data may not represent the actual vertical acceleration of the airplane 
to within these limits because of the aynamic response of the airplane 
structure. Available test  data indicate that fo r  this airplane the 
accelerations measured a t  the center of  gravity may be as much as 20 per- 
cent higher than the accelerations af the equivalent rigid airplane. 
The s w  of Momation  presented in tables I and II indicates 
several items concerning the operating practices f o r  the present 
oprat ions and the ro-ir experience. Perhaps, the most s ignlf icmt 
point is the large proportion of  time (approx. h-0 percent) spent in 
rough air. Previous work (reference 1) has suggested an average 
distance in rough air of‘ about 10 percent of the flight path, but this 
figure was based on a a m w h a t  different def in i t ion  of rough air  and 
the two values m y  not, therefok ,  be directly comgarable, In order t o  
permit comparfson of the results of the present investigation with. 
previous reeults (reference 1) interma of path  ratio based on a gust- 
frequency count,  the  acceleration and airapeed data were evaluated t o  
obtain the frequency dimtribution of effective gust velocities. 
The evaluation of the effective gust velocities Ue was accom- 
plished on the  baeis of the sharpedge &st equation fo r  a l l  a u e s  
of hn above O.5g. The airplane weight uaed in the c.omputatians was 
an assumed average of 85 percent of the gross weight. The value of 
the alleviation factor K, which enters into the gust equation, 
associated with this weight was also used. For convenience and 
simglicity of evaluation, the airspeed used was the average airspeed 
i n  rough air in a given flight condition. The distribution of effective 
gust velocitiee obtained is shown in figure 2 as a cm.mdative-f’requency 
distribution (as in fig.  1) with a curve faired through the data. For 
purpo3es of comparison, the cmdative-frequency distributions based on 
curves A and B of figure 7, reference 1, and an average path r a t i o  
of 0.1 were evaluated and a r e  also ahown In figure 2. 
Examhation of figure 2 suggeets that the present data follow the 
1 ahape of curve B over the range of most of the data. Furthemre,  
curve B of figure 2 and the  present data both appear t o  describe  the 
distribuhion of gust velocities obtained at low altitudes. It appears 
reasonable t o  assume, therefore, that the present gust experience can be 
represented by a distribution defined by curve B. O n  th is  assumption, 
a comgarison of  the frequency of occurrence f o r  the present data and 
curve B f o r  a given gust velocity indicate that, fn general, the 
frequency of occurrence for  the data is approxhaately one  and onehal f  . 
tFmes the frequency of occurrence for  mve B. For example, a t  a gust 
velocity of 12 f ee t  per second, the present data and curve B indicate 
frequencies of occurrence of 110 and 80, respectfvely, o r  r a t io  of 
approxbmtely 1.4. Above a gust velocity of 15 feet per second, such 
a comparison i s  considered invalid due to the smal number of observations. 
Inasmuch as curve B w a s  based on a path  ratio of 0.10 as determined 
from previously published data, the data presented herein would, there- 
-fore., be indicative of  a path  ratio of about 0.12 based OR the frequency 
count of gust velocities. 
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The high proportion of time spent in  rough air probably results 
f r o m  the low-dtitude level of the present operatiom. A s  ina ica ted  in  
table  I, abaut 65 percent of the flight distance wag spent below 
5000 fee t  above the average terminal altitudes with 44 percent of t h i s  
distance in rough air. The low a l t i tudes  of the present opSrations 
apparently occur became of the very short flights made, averaging about 
1 hour, and the relatively large proportion of time, about 32 percent 
spent i n  descent. 
Returning t o  the dfscussion of general points of interest ,   table  I 
ahows a reduction of 10 t o  15 miles per bour in  airspeeds  for flight i n  
rough air as compared to the afr8peeds for flight i n  smooth air i n  
similar flight conditions. W e  const& difference i n  the airspeeds 
i n  rough and -0th air indicates a cons is ten t   e f for t   to  reduce airspeed 
in rough air. The records =her indicate that more drast ic  speed 
reductions were frequently made &en eevere turbulence was encountered. 
The average values of airspeed in the descent are lower than those 
i n  the enroute conditions although in the past it was indicated, for 
other airplane types,  that there was a tendency to obtain excessive air- 
speeds i n  the descent condition. This deviation from previous experience 
may be due t o  inherent airplane characteristics o r  the special  res t r ic t ive 
operating instructions and practices under which this airplane was operated 
at the time. 
A s  a final point, the variations i n  the load experience among 
individual records are of interest .  Table U: indicates variations of 
about 2 t o  1 in the portion of flight in  rough air  for the f ive  recorda 
and variations of about 4 t o  1 i n   t h e  number of acceleration incremants, 
equal t o  o r  greater than fo.3g, per mile of flight in  rough air. These 
preliminary results serve to   ind ica te  the type of variations in load 
experience that might be expected within a given s e t  of operations. 
Langley  Aeronautical  Laboratory 
National Advisory Cormittee f o r  Aeronautice 
Langley A i r  Force Base, Va. 
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TABLE I: 
(b) Alrspeed and Brmasldcceleration Data 
2 7 s  165.8  3 9 0.44 0.366 
90.~1 188.6  206.1 .55 
163.42 I 200.6 1 210.7 I .28 
.. . .. . 
0.70 
.&I 1.10 
"" 
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TABLE: I1 
COMPARISON OF GUS!&LOACG DATA FROM !ElTT NACA VGH RECORDS 
Total number 
hours 
Record of flight 
1 
51.86 5 
65.93- 4 
34.85 3 
63.56 2 
65.22 
Total 8026 281.40 
Average "" """ 
Portion of 
Maximum t An 
rough air 
flight i n  
1.10 
. .27 -. v .41 - 92 
.4a -. 92 0.40 
-. 78 .36 
~ 
Number Of 1 k0.38 
per mile of 
rough air 
0.59 
.42 
.22 
.15 
.35 I 
"" I e 3 8  I .374 I 
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